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phosphorylated polysaccharide, a polyvalent metal salt other
than phosphates, and a solvent. The adhesive composition
for biological hard tissues provided by the kit for bonding to
biological hard tissues is suitably used in for medical uses,
such as cement for bones or dental cement. In addition, since
the adhesive composition has excellent bio-absorbability, it
is useful as fusion materials for artificial joint prosthesis,
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extremity fracture, filling materials for bone tumors in the
region of orthopedics, filling materials and restorative mate-
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prosthetic restorative materials such as inlay and crown,
pulp-capping and lining materials, implant surface treatment
materials, periodontal disease therapeutic materials, hyper-
esthesia preventive materials, dental pulp capping materials,
substrates for DDS, substrates for systems engineering, and
tissue bonding materials in the dental region.
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1
KIT FOR ADHERING BIOLOGICAL HARD
TISSUES

This is a continuation of application Ser. No. 13/580,573,
filed Aug. 22, 2012, which is the National Stage of Inter-
national application no. PCT/JP2011/053838, filed Feb. 22,
2011, which claimed priority to Japanese patent application
no. 2010-036350, filed Feb. 22, 2010, of which all of the
disclosures are incorporated herein by reference in their
entireties.

TECHNICAL FIELD

The present invention relates to a kit for bonding to
biological hard tissues. More specifically, the present inven-
tion relates to a kit capable of providing an adhesive
composition for biological hard tissues useful as, for
example, bone cement, dental cement or the like, because
the composition has excellent biocompatibility, and at the
same time gives a cured product that is hardened with a
sufficiently high strength, and further has strong adhesion to
bones, tooth tissues, metals, or ceramics.

BACKGROUND ART

Hydroxyapatite [Ca, ,(PO,),(OH),], obtainable by sinter-
ing a calcium phosphate composition, has a composition
nearly the same as inorganic components such as bones or
teeth, and has a bioactivity that is capable of being directly
combined with tooth tissues so that the hydroxyapatite has
been utilized as restorative materials for bone-defect parts or
bone-gap parts. However, while a material made of the
hydroxyapatite as mentioned above has excellent biocom-
patibility, the material may have difficulty in moldability in
some cases in order to apply the material to a site having a
complicated shape.

On the other hand, among the calcium phosphate com-
positions, it is known that a calcium phosphate composition
of cement type, in other words, the composition having
curability, gradually converts to hydroxyapatite in a live
body or oral cavity, thereby making it possible to integrate
with the biological hard tissues while keeping its form. The
calcium phosphate composition as described above has not
only excellent biocompatibility but also moldability, so that
the application of the composition to a site having compli-
cated shape is facilitated.

For example, Patent Publication 1 describes that a mixture
of tetracalcium phosphate and dicalcium phosphate anhy-
drous is rapidly auto-cured in the presence of water, thereby
forming hydroxyapatite having excellent mechanical
strength.

PRIOR ART PUBLICATIONS
Patent Publications

Patent Publication 1: Japanese Patent Gazette No. 3,017,
536

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
However, conventional calcium phosphate compositions
have caused various problems in clinical sites, such as

mechanical strength after curing is not sufficient, the adhe-
sive property is low, so that holding strength in the fusion of
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a treatment site (fusion between bone and bone, or between
bone and screw for fusion) is not sufficient, and the like. In
view of these matters, a material showing excellent biocom-
patibility and at the same time giving a cured product that is
hardened a sufficiently high strength, and further showing
strong adhesion to bone, tooth tissues, a metal or ceramics
is earnestly desired.

In addition, since the restorative materials for bone-
defective sites and bone-gapped sites are subjected to osteo-
genesis by replacing the materials with the bone, it is desired
that the restorative materials have bio-absorbability. How-
ever, the hydroxyapatite obtainable by conventional tech-
niques has low absorbability, so that improvements are
earnestly desired even in this aspect.

An object of the present invention is to provide a kit for
bonding to biological hard tissues which is capable of
providing an adhesive composition for biological hard tis-
sues, giving a cured product that is hardened a sufficiently
high strength, and having strong adhesion to bone, tooth
tissues, a metal, or ceramics, and at the same time having
excellent biocompatibility and bio-absorbability, and further
having excellent agent-releasing property in a case where
the agent having bioactivity is contained.

Means to Solve the Problems

In view of the above, as a result of intensive studies in
order to solve the above-mentioned problems, the present
inventors have found that a composition obtained from an
aqueous solution containing a phosphorylated polysaccha-
ride and a calcium salt gives a cured product that is hardened
a sufficiently high strength, and also shows strong adhesion
to bones, tooth tissues, metals or ceramics, and at the same
time has excellent biocompatibility and bio-absorbability,
and further has, in a case where the composition contains an
agent having bioactivity, excellent agent-releasing property.
The present invention has been perfected thereby.

Specifically, the present invention relates to a kit for
bonding to biological hard tissues, containing a phosphory-
lated polysaccharide, a polyvalent metal salt other than
phosphates, and a solvent.

Effects of the Invention

The kit for bonding to biological hard tissues of the
present invention exhibits some excellent effects that the kit
is capable of providing an adhesive composition for bio-
logical hard tissues, giving a cured product that is hardened
a sufficient high strength, and showing strong adhesion to
bones, tooth tissues, metals or ceramics, and at the same
time having excellent biocompatibility and bio-absorbabil-
ity, and further, in a case where the composition contains an
agent having bioactivity, having excellent agent sustained-
release property. Therefore, the adhesive composition for
biological hard tissues provided by the kit for bonding to
biological hard tissues of the present invention is suitable in
materials for medical uses, such as cement for bones or
dental cement. In addition, since the adhesive composition
has excellent bio-absorbability, it is useful as fusion mate-
rials for artificial joint prosthesis, fusion materials for spine
fracture, fusion materials for extremity fracture, filling mate-
rials for bone tumors in the region of orthopedics, filling
material and restorative materials at dental caries-defective
sites, luting materials for prosthetic restorative materials
such as inlay and crown, pulp-capping and lining materials,
implant surface treatment materials, periodontal disease
therapeutic materials, hyperesthesia preventive materials,
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dental pulp capping materials, substrates for DDS, substrates
for systems engineering, and tissue bonding materials in the
dental region.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing the results of shear bond
strength of the compositions of Example 1, Comparative
Example 1, and Reference Examples 1 to 2.

FIG. 2 is a view showing a shear cross section during the
measurement of shear bond strength of Example 1. The left
side is a plate made of hydroxyapatite, and the right side is
a cylindrical rod made of hydroxyapatite.

FIG. 3 is a graph showing the results of significance test
for the shear bond strength of the compositions of Example
1 and Reference Examples 1 to 2.

FIG. 4 is a view showing HE-stained optical microscopic
sections of the maxillary first molar tooth. The left side is a
representative section of a group subjected to pulp capping
with the composition of Example 1, and the right side is that
of a group subjected to pulp capping with the composition
of Reference Example 3, wherein an arrow in each figure
shows the portion subjected to pulp capping with the com-
position.

FIG. 5 is a view showing HE-stained optical microscopic
sections of the maxillary first molar tooth. The left side is a
representative section of a group subjected to pulp capping
and filled with the composition of Example 1, and the right
side is an enlarged view of the region inscribed with a frame
in the left side figure.

FIG. 6 is a view showing a photograph of a surface taken
after two months from filling a cavity of the maxillary first
molar tooth. The left side is a representative photograph of
a group subjected to pulp capping and filled with the
composition of Example 1, and the right side is a represen-
tative photograph of a group subjected to pulp capping with
the composition of Example 1, and then filled with a
commercially available resin, wherein an arrow (black solid)
in each figure shows the residual part of the composition,
and an arrow (with stripes) shows the residual part of the
commercially available resin.

FIG. 7 is a view showing HE-stained optical microscopic
sections of the femur injected with the composition of
Example 1. The left side is a section after 2 weeks of
injection, and the right side is that after 8 weeks of injection,
wherein an arrow in the left side figure shows the site at
which the composition is injected.

FIG. 8 is a view showing HE-stained optical microscopic
sections of the femur injected with the composition of
Example 2. (A) is a section after 2 weeks of injection, (B)
is a section after 5 weeks of injection, (C) is an enlarged
view of (B), and (D) is a section after 8 weeks of injection.

FIG. 9 is a view showing HE-stained optical microscopic
sections of the femur injected with the composition of
Example 3. The left side is a section after 8 weeks of
injection, and the right side is an enlarged view of the region
inscribed with a frame in the left side figure.

FIG. 10 is a graph showing suppression of proliferation of
tumor tissues by a carcinostatic agent using the composition
of Example 1.

FIG. 11 is a view showing HE-stained optical microscopic
sections of the femur of an osteoporotic model mouse
injected with a phosphorylated pullulan-containing compo-
sition. (A) is a section of a non-treated group (4 weeks), (B)
is a section of a DCPD group (8 weeks), (C) is an enlarged
view of the region inscribed with a frame in (B), and (D) is
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a section of a BMP group (4 weeks). An arrow in the figure
shows the site in which ossification is recognized.

FIG. 12 is a view showing nCT image of the femur of an
osteoporotic model mouse injected with a phosphorylated
pullulan-containing composition. (A) is an image of a non-
treated group (4 weeks), (B) is an image of DCPD group (4
weeks), (C) an image of a BMP group (4 weeks), and (D) is
an image of a BMP group (8 weeks).

FIG. 13 is a view showing HE-stained optical micro-
scopic sections of the femur of an osteocarcinoma model
mouse injected with a phosphorylated pullulan-containing
composition. (A) is a section after 3 days of injection, (B) is
an enlarged view of the region inscribed with a frame in the
left side figure, wherein in each figure an arrow (open)
shows a residual site of the composition, an arrow (black
solid) a residual site of tumor cells, and an arrow (with
stripes) a necrosis site of tumor cells.

FIG. 14 is a graph showing an effused behavior of
vancomycin (VCM) from a cured product using phospho-
rylated pullulan (PP2) synthesized in Production Example 2,
and a cured product of poly(methyl methacrylate) cement
(PMMA).

FIG. 15 is a graph showing an effused behavior of
Methotrexate (MTX) from cured products of phosphory-
lated pullulans (PP) and a cured product of poly(methyl
methacrylate) cement (PMMA). PP2 is a cured product
using a phosphorylated pullulan synthesized in Production
Example 2, and PP3 is a cured product using a phosphory-
lated pullulan synthesized in Production Example 3.

MODES FOR CARRYING OUT THE
INVENTION

The kit for bonding to biological hard tissues of the
present invention has a great feature in that the kit contains
a phosphorylated polysaccharide and a polyvalent metal salt
other than phosphates, not the calcium phosphates them-
selves, as a composition similar to apatite largely contained
in bones, teeth, and the like. Here, in the present specifica-
tion, the biological hard tissues mean biological tissues such
as bones, teeth, and tissues containing those.

Some of conventional adhesive compositions exhibit
bonding property by polymerizing a polymerizable mono-
mer such as PMMA (poly(methyl methacrylate)) or MMA
(methyl methacrylate). However, the polymers have some
disadvantages such that the bone loosening with the poly-
mers takes place because the polymers have a low binding
ability with bones and the like, and that heat generation
during the polymerization and unreacted monomers and the
like cause bad influences to live bodies. Also, there are some
compositions containing calcium phosphates, but the com-
positions are not yet sufficient in the aspect of adhesive
strength and productivity. In view of the above, as a result
of studies, the present inventors have surprisingly found that
when a phosphorylated polysaccharide and a polyvalent
metal salt other than phosphates are combined, curing is
progressed at a high reactivity, so that the cured product
obtained has excellent bonding property to bones and met-
als, and also has high strength. In addition, when applied to
bones and the like, it is found that the absorbability thereof
is high, and that the composition is favorably replaced with
the bones. Although the detailed reasons for such phenom-
ena are not clarified, it is deduced from the fact that strong
bonding property is exhibited because crosslinking or a
curing reaction is quickly progressed by ion crosslinking
between the phosphorylated polysaccharide and the polyva-
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lent metal ions, and further that the polysaccharides forming
a matrix for the cured product (gel) obtained contains a
phosphate group.

The kit for bonding to biological hard tissues of the
present invention contains a phosphorylated polysaccharide
(A), a polyvalent metal salt (B), and a solvent (C).

The phosphorylated polysaccharide has low irritation and
high compatibility to the biological tissues, and shows
bio-absorbability. In addition, the phosphorylated polysac-
charide dissolves apatite, in which a phosphate group or
phosphate groups are a constituting inorganic component of
the biological hard tissues, thereby releasing a part of
calcium, a constituting element of apatite in the form of ions.
Moreover, the phosphate group of the phosphorylated poly-
saccharide is subjected to chelate-bonding to calcium ions
released during the dissolution or calcium atoms remaining
on the apatite surface, so that the composition of the present
invention is adsorbed to bones or teeth, and a curing reaction
is progressed between the phosphorylated polysaccharide
and a polyvalent metal salt so that bonding takes place.
Further, the phosphate group of the phosphorylated poly-
saccharide is subjected to chelate-bonding to a metal or
ceramics which are luting materials for the biological hard
tissues, thereby showing adsorbability. Therefore, the phos-
phorylated polysaccharide is used as a bonding component
of the adhesive composition for biological hard tissues
having high biocompatibility.

The phosphorylated polysaccharide in the present inven-
tion includes, for example, lactose, sucrose, sucralose, cel-
lobiose, trehalose, maltose, Palatinose (registered trade-
mark), maltotriose, maltodextrin, cyclodextrin,
glycosylsucrose, amylose, amylopectin, cycloamylose, gly-
cogen, cellulose, agarose, cluster dextrin, mannan, pullulan,
and the like, a part or all of hydroxyl groups of which are
phosphorylated.

More specifically, the phosphorylated polysaccharide
includes phosphorylated lactose, phosphorylated sucrose,
phosphorylated sucralose, phosphorylated cellobiose, phos-
phorylated trehalose, phosphorylated maltose, phosphory-
lated Palatinose (registered trademark), phosphorylated
maltotriose, phosphorylated maltodextrin, phosphorylated
cyclodextrin, phosphorylated glycosylsucrose, phosphory-
lated amylose, phosphorylated amylopectin, phosphorylated
cycloamylose, phosphorylated glycogen, phosphorylated
cellulose, phosphorylated agarose, phosphorylated cluster
dextrin, phosphorylated mannan, phosphorylated pullulan,
and the like. These phosphorylated polysaccharides can be
used alone or in a combination of two or more kinds. Among
them, one or more members selected from the group con-
sisting of phosphorylated maltodextrin, phosphorylated
cyclodextrin, phosphorylated glycosylsucrose, phosphory-
lated amylose, phosphorylated amylopectin, phosphorylated
cycloamylose, phosphorylated glycogen, phosphorylated
cellulose, phosphorylated agarose, phosphorylated cluster
dextrin, phosphorylated mannan, and phosphorylated pullu-
lan are preferred, from the viewpoint of bonding to biologi-
cal hard tissues, strength of the cured product, and produc-
tion costs. The phosphorylated pullulan is more preferred,
from the viewpoint of safety to the living body of the
polysaccharides themselves, and their constituting units
oligosaccharides and monosaccharides, and from the view-
point of being less likely to be metabolized with amylase or
the like orally, thereby making it less likely to serve as a
nutrient for bacteria.

The phosphorylated polysaccharide can be produced
according to a known method, including subjecting a
hydroxyl group of the polysaccharide as mentioned above to
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phosphorylation. The method includes, for example, a
method of reaction thereof with sodium metaphosphate
described in Carbohydrate Research 302 (1997), 27-34,
methods of reaction thereof with sodium phosphate
described in Japanese Patent Laid-Open Nos. 2005-330269
and 2005-330270, and the like. Furthermore, as described in
WO 87/07142, a method of reacting phosphorus pentoxide
and pullulan to give phosphorylated pullulan is preferably
used. The phosphorylated polysaccharide obtained can be
subjected to IR spectroscopy, NMR spectroscopy, and the
like, whereby the structure thereof can be confirmed. Here,
a degree of phosphorylation of the phosphorylated polysac-
charide can be adjusted in accordance with a known method
by adjusting amounts of raw materials used, and reaction
conditions, and the like.

In addition, a part of all of the above-mentioned phos-
phorylated polysaccharide (A) may be formed into salts,
which are exemplified by and for example, sodium salts,
potassium salts, calcium salts, magnesium salts, ammonium
salts, and the like. The salts of the phosphorylated polysac-
charide mentioned above can be prepared in accordance
with a known method.

The number-average molecular weight (Mn) of the phos-
phorylated polysaccharide is preferably from 1,000 to 100,
000, more preferably from 2,000 to 70,000, even more
preferably from 5,000 to 50,000, even more preferably from
10,000 to 50,000, even more preferably from 10,000 to
40,000, and even more preferably from 10,000 to 30,000,
from the viewpoint of bonding to the biological hard tissues,
the strength of cured product and production costs. It is
preferable that when the number-average molecular weight
(Mn) of the phosphorylated polysaccharide is 1,000 or more,
sufficient strength in the cured product and bonding strength
are obtained, and that when the number-average molecular
weight is 100,000 or less, it is free of risk of lowering
solubility in a solvent, and the viscosity is not too high so
that the operability is favorable. Here, in the present speci-
fication, the number-average molecular weight (Mn) of the
phosphorylated polysaccharide can be measured in accor-
dance with a method described in Examples set forth below.

It is desired that the phosphorylated polysaccharide is a
polysaccharide in which hydroxyl groups are subjected to
phosphorylation in an amount of preferably from 0.5 to 15%
by number, and more preferably from 2 to 10% by number,
of all the hydroxyl groups in one molecule. The proportion
of the number of the hydroxyl groups subjected to phos-
phorylation in the phosphorylated polysaccharide can be
calculated by measuring a phosphorus content by perform-
ing elemental analysis of the phosphorylated polysaccha-
ride, and assuming that the measured phosphorus is entirely
derived from that hydroxyl groups that are subjected to
phosphorylation.

The polyvalent metal salt (B) in the present invention is
used for the purposes of increasing the strength of cured
product, the control of solubility, and the residuality. In other
words, the polyvalent metal salt is utilized as a metal source
for the purpose of increasing the strength of the cured
product by forming a chelate bond with an unreacted phos-
phate group of the phosphorylated polysaccharide, during
which the phosphorylated polysaccharide forms a chelate
bond with calcium atoms remaining on the apatite surface of
bones or teeth and calcium ions dissolved and released
through a phosphate group, to cause a curing reaction
therebetween, thereby exhibiting bonding property.

The polyvalent metal salt (B) is preferably a salt other
than the phosphates of the polyvalent metal elements, and
hydroxides, halides, and oxides of metal elements such as
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magnesium, calcium, strontium, barium, zinc, aluminum,
and the like are preferably used. Specific examples include
magnesium hydroxide, calcium hydroxide, aluminum chlo-
ride, calcium chloride, magnesium chloride, zinc chloride,
aluminum acetate, aluminum nitrate, barium nitrate, calcium
nitrate, magnesium nitrate, strontium nitrate, calcium fluo-
roborate, and the like. Among them, the halides and oxides
are preferred, and calcium salts (halides and oxides) and
barium oxide, magnesium oxide, and zinc oxide are more
preferred, and calcium chloride is even more preferred.
These polyvalent metal salts can be used alone or in a
combination of two or more kinds. Here, in the present
specification, the polyvalent metal salt other than the phos-
phates may be simply described as a polyvalent metal salt
B).

The polyvalent metal salt (B) can be used in the form in
which the salt is dissolved or dispersed in a solvent, so that
the shape thereof is not particularly limited. In addition, the
average particle size thereof is preferably from 0.001 to 50
um, and more preferably from 0.001 to 10 pm, from the
viewpoint of handling property of the composition obtained
and mechanical strength of a cured product and the like.

The polyvalent metal salt (B) is contained in an amount of
preferably 0.1 parts by mass or more, and more preferably
1 part by mass or more, based on 100 parts by mass of the
phosphorylated polysaccharide (A), from the viewpoint of
an increasing effect of the mechanical strength of the cured
product. Also, when the kit of the present invention is used
in the form of a pasty cement, which is a preferred embodi-
ment thereof, the polyvalent metal salt is contained in an
amount of preferably 1,000 parts by mass or less, more
preferably 200 parts by mass or less, and even more pref-
erably 50 parts by mass or less, from the viewpoint of
avoiding the deficiency of fluidity of the above-mentioned
paste so as not to make it difficult to give sufficient supply
to a restoration site of the biological hard tissues. From these
viewpoints, the polyvalent metal salt (B) is contained in an
amount of preferably from 0.1 to 1,000 parts by mass, more
preferably from 1 to 200 parts by mass, and even more
preferably from 1 to 50 parts by mass, based on 100 parts by
mass of the phosphorylated polysaccharide (A).

The solvent (C) is used from the viewpoint of dissolving,
swelling or dispersing a phosphorylated polysaccharide (A)
and/or a polyvalent metal salt (B).

The solvent includes water, organic solvents, or a mixture
thereof.

As the water, distilled water or ion-exchanged water is
preferred, from the viewpoint of not containing impurities.

The water is contained in an amount of preferably 1 part
by mass or more, more preferably 10 parts by mass or more,
and even more preferably 20 parts by mass or more, based
on 100 parts by mass of the phosphorylated polysaccharide
(A), from the viewpoint of adsorbability of a phosphate
group of the phosphorylated polysaccharide to hydroxyapa-
tite. In addition, the water is contained in an amount of
preferably 2,000 parts by mass or less, more preferably
1,000 parts by mass or less, and even more preferably 500
parts by mass or less, from the viewpoint of controlling the
lowering of the concentration of a matrix component in
order to favorably maintain the strength of a cured product
and bonding strength. Therefore, the water is contained in an
amount of preferably from 1 to 2,000 parts by mass, more
preferably from 10 to 1000 parts by mass, and even more
preferably from 20 to 500 parts by mass, based on 100 parts
by mass of the phosphorylated polysaccharide (A).

The organic solvent includes methanol, ethanol, 1-propa-
nol, 2-propanol, 1-butanol, 2-methyl-2-propanol, acetone,
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methyl ethyl ketone, tetrahydrofuran, diethyl ether, diiso-
propyl ether, hexane, toluene, chloroform, ethyl acetate,
butyl acetate, and the like. These organic solvents can be
used alone or in a combination of two or more kinds. Among
them, when both the safety to a live body and the facilitation
of removal based on volatile property are taken into con-
sideration, a water-soluble organic solvent is preferred, and
specifically, ethanol, 2-propanol, 2-methyl-2-propanol,
acetone, and tetrahydrofuran are preferred. The amount of
the organic solvent contained is not particularly limited, and
in some cases the blending of the above-mentioned organic
solvent would not be necessitated depending upon the
embodiments. In an embodiment where an organic solvent is
used, the organic solvent may be properly mixed with a
given ratio with water, and the organic solvent can be
contained in an amount of preferably from 1 to 2,000 parts
by mass, based on 100 parts by mass of the entire amount of
the water.

The kit for bonding to biological hard tissues of the
present invention can further contain, in addition to the
phosphorylated polysaccharide (A), a polyvalent metal salt
(B) and a solvent (C), phosphoric acid, polyphosphoric acid,
and/or salts thereof (D).

The phosphoric acid, polyphosphoric acid, and/or salts
thereof (D) in the present invention exhibits an action of
increasing the strength of the cured product of the compo-
sition obtained, and at the same time exhibits an action of
increasing bonding strength to biological hard tissues such
as bones and teeth, metals and ceramics. Specific mecha-
nisms are considered to be the following. A phosphorylated
polysaccharide (A) is subjected to chelate bonding to cal-
cium atoms remaining on the apatite surface or calcium ions
dissolved and released therein. On the other hand, the
phosphoric acid, polyphosphoric acid, and/or salts thereof
(D) have a lower molecular weight than the phosphorylated
polysaccharide (A), so that the compounds have high motil-
ity and also a high phosphate group concentration within the
molecule. Accordingly, it is considered that the phosphoric
acid, polyphosphoric acid, and/or salts thereof (D) forms a
chelate bonding to the phosphorylated polysaccharide (A)
and unreacted calcium atoms and calcium ions, thereby
increasing adsorption to the bones or teeth, which in turn
progresses a subsequent curing reaction thereof, to improve
bonding strength. From these aspects, it is considered that
the phosphoric acid, polyphosphoric acid, and/or salts
thereof (D) is a compound serving to complement a chelate
reaction between the phosphorylated polysaccharide (A) and
calcium atoms or calcium ions, thereby increasing the func-
tions of the composition obtained.

The phosphoric acid is exemplified by a general phos-
phoric acid, and the salts of the phosphoric acid are exem-
plified by calcium phosphate, barium phosphate, magnesium
phosphate, sodium phosphate, potassium phosphate, and the
like. Among them, calcium phosphate is preferred for the
following reasons.

Specifically, as mentioned above, the phosphate group of
the calcium phosphate complements a chelate reaction
between a phosphorylated polysaccharide (A) and calcium
atoms or calcium ions, and at the same time the calcium
atoms thereof forms a chelate bond with a phosphate group
not chelate-bonded with bones or the like, among the
phosphate groups of the phosphorylated polysaccharide (A),
so that a network structure is formed between the phospho-
rylated polysaccharide (A) and the calcium phosphate,
thereby forming a strong cured product. In addition, the
calcium phosphate particles also act as a reinforcing material
in the cured product, thereby giving an effect of imparting
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strength. On the other hand, phosphoric acid and calcium
contained in calcium phosphate are constituting elements of
inorganic components constituting bones or teeth, so that the
calcium phosphate functions as an element supplying source
in regeneration and restoration of biological hard tissues
such as bones or teeth, in the adhesive composition for
biological hard tissues.

The calcium phosphate may be a compound having Ca**
and PO,>" as constituting elements, and specific examples
include hydroxyapatite, apatite carbonate, calcium dihydro-
genphosphate [Ca(H,PO,),], calcium hydrogenphosphate
(CaHPO,), o-TCP[a-tricalcium phosphate, Ca;(PO,),],
p-TCP[p-tricalcium phosphate, Ca,(PO,),], OCP (octacal-
cium phosphate), tetracalcium phosphate, and hydrates
thereof, and the like. These calcium phosphates can be used
alone, or in a combination of two or more kinds.

In addition, when the calcium phosphate is considered as
an element supplying source in the regeneration and resto-
ration of biological hard tissues such as bones or teeth, it is
preferable that the calcium phosphate does not contain an
inhibitory substance such as carbonate ions, and specifically,
a compound represented by the following formula (I):

Ca,H O,(PO,),(OH),,(H,0),

L H,0, @
wherein x and 1 are integers of 1 or more, and y, z, m and n
are integers of O or more.

Among them, hydroxyapatite, calcium dihydrogenphos-
phate, calcium hydrogenphosphate, a.-TCP, 3-TCP and OCP
are more preferred, from the viewpoint of reactivity with the
phosphate group of the phosphorylated polysaccharide (A),
hardening reinforcement of a cured product, and regenera-
tion of the biological hard tissues in an even higher quality.

The shape of the calcium phosphate is not particularly
limited. In addition, the average particle size of the calcium
phosphate is preferably from 0.001 to 50 pm, and more
preferably from 0.001 to 10 pm, from the viewpoint of
handling property, mechanical strength after curing of the
composition obtained, or the like.

On the other hand, the polyphosphoric acid includes
linear polyphosphoric acid, obtained by dehydration con-
densation of ortho-phosphoric acid; cyclic phosphoric acid;
polyphosphoric acids in which phosphoric acid is connected
in an irregular form in a network manner. The linear poly-
phosphoric acid is exemplified by pyrophosphoric acid,
tripolyphosphoric acid, tetrapolyphosphoric acid, pen-
tapolyphosphoric acid, hexapolyphosphoric acid, and the
like. The cyclic polyphosphoric acid is exemplified by
trimetaphosphoric acid, tetrametaphosphoric acid, hexam-
etaphosphoric acid, and the like. The polyphosphoric acid in
which phosphoric acid is connected in an irregular form in
a network manner is exemplified by ultrapolyphosphoric
acid.

The salts of the polyphosphoric acid include alkali metal
salts such as sodium salts and potassium salts; mixed salts of
alkali metal ions and hydrogen ions; ammonium salts, and
the like. Among them, the alkali metal salts of polyphos-
phoric acid is preferred, from the viewpoint of convenience
in use.

Here, these phosphoric acid, polyphosphoric acid and/or
salts thereof can be used alone or in combination of two or
more kinds. Also, the phosphoric acid, polyphosphoric acid
and/or salts thereof mentioned above can be prepared in
accordance with a known method, and the salt compound
may be partly or entirely in the form of a salt.

The calcium phosphate is contained in an amount of
preferably 1% by mass or more, more preferably 10% by
mass or more, and even more preferably substantially 100%
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by mass, of the phosphoric acid, polyphosphoric acid and/or
salts thereof (D), from the viewpoint of adhesion of the
composition and strength of a cured product thereof.

The content of the phosphoric acid, polyphosphoric acid
and/or salts thereof (D) is not particularly limited, and the
phosphoric acid, polyphosphoric acid and/or salts thereof is
contained in an mount of preferably from 1 to 2,000 parts by
mass, more preferably from 1 to 1,000 parts by mass, and
even more preferably from 5 to 500 parts by mass, based on
100 parts by mass of the phosphorylated polysaccharide (A),
from the viewpoint of adhesion of the composition and
strength of the cured product. Here, the content of the
phosphoric acid, polyphosphoric acid and/or salts thereof
(D) means a total content of the phosphoric acid, polyphos-
phoric acid and salts thereof contained in the composition.

In addition, the kit for bonding to biological hard tissues
of the present invention can further contain, in addition to
those mentioned above, a filling material (E).

The filling material in the present invention is blended
from the viewpoint of handling property of the composition
obtained, mechanical strength after curing, and the like.

The filling material as mentioned above is not particularly
limited, so long as the filling material is added to a compo-
sition used in medical applications, such as filling materials
presently usable in a dental restorative composition or the
like, and the filling material includes organic filling mate-
rials, inorganic filling materials, and organic-inorganic com-
posite filling materials.

The materials for the organic filling materials include, for
example, methyl polymethacrylate, ethyl polymethacrylate,
methyl methacrylate-ethyl methacrylate copolymers, a
crosslinked methyl polymethacrylate, a crosslinked ethyl
polymethacrylate, polyamides, polyvinyl chloride, polysty-
renes, chloroprene rubber, nitrile rubber, ethylene-vinyl
acetate copolymers, styrene-butadiene copolymers, acrylo-
nitrile-styrene copolymers, acrylonitrile-styrene-butadiene
copolymers, and the like, and each of these organic filling
materials can be used alone or in a mixture of two or more
kinds.

The materials for inorganic filling materials include
quartz, silica, alumina, silica-titania, silica-titania-barium
oxide, silica-zirconia, silica-alumina, lanthanum glass, boro-
silicate glass, sodium glass, barium glass, strontium glass,
glass ceramics, aluminosilicate glass, barium boroalumino-
silicate glass, strontium boroaluminosilicate glass, fluoroa-
luminosilicate glass, calcium fluoroaluminosilicate glass,
strontium fluoroaluminosilicate glass, barium fluoroalumi-
nosilicate glass, strontium calcium fluoroaluminosilicate
glass, and the like. Each of these inorganic filling materials
can be used alone or in a mixture of two or more kinds.

In order to adjust the fluidity of the composition, the
above-mentioned inorganic filling material may be used
after previously surface-treating with a known surface treat-
ment agent such as a silane coupling agent as needed. The
surface treatment agent includes, for example, methyl-
trichlorosilane, diphenyldichlorosilane, vinyltrimethoxysi-
lane, vinyltriethoxysilane, vinyltrichlorosilane, vinyltri(f3-
methoxyethoxy) silane, y-methacryloyloxypropyl
trimethoxysilane, 11-methacryloyloxyundecyl trimethoxysi-
lane, y-glycidoxypropyl trimethoxysilane, y-mercaptopropyl
trimethoxysilane, y-aminopropy! triethoxysilane, hexameth-
yldisilazane, and the like. Here, the surface treatment
method is not particularly limited, and a known method can
be used.

The organic-inorganic composite filling material refers to
a filling material obtained by previously adding a monomer
compound to the above-mentioned inorganic filling material
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to form into a paste-like state, polymerizing the components,
and pulverizing the reaction mixture. As the organic-inor-
ganic composite filling materials, for example, TMPT filling
material (a product obtained by blending trimethylolpropane
methacrylate and a silica filling material, and polymerizing
the components, and pulverizing the reaction mixture) or the
like can be used.

The filling material (E) is contained in an amount of
preferably from 1 to 1,000 parts by mass, based on 100 parts
by mass of the phosphorylated polysaccharide (A), from the
viewpoint of adhesion of the composition and strength of the
cured product.

In addition, the kit for bonding to biological hard tissues
can further contain a biologically active agent (F), in addi-
tion[] to those mentioned above.

The composition obtained from the kit of the present
invention has excellent biological absorbability; therefore,
when the composition contains a biologically active agent,
the composition sequentially releases the biologically active
agent, during which the above composition is absorbed to
the live body according to an interaction between an ionic
group such as phosphate group contained and a biologically
active agent, or a sealing effect of the cured product (gel).
Therefore, the composition obtainable with the kit of the
present invention can function as a substrate for sustained-
release of the above biologically active agent.

The biologically active agent is not particularly limited,
and includes bone morphogenetic proteins, antibiotics, poly-
nucleotides, carcinostatic agents, growth factors, vaccine
and the like. The bone morphogenetic proteins are exem-
plified by BMP-2, BMP-3, BMP-3b, BMP-4, BMP-5, BMP-
6, BMP-7, BMP-8, BMP-9, BMP-10, BMP-11, BMP-12,
BMP-13, BMP-14, BMP-15, BMP-16, BMP-17, BMP-18
and the like.

In addition, the biologically active agent includes alky-
lating agents, platinum agents, metabolic antagonists, topoi-
somerase inhibitors, antitumor antibiotics, mitotic inhibi-
tors, aromatase inhibitors, thymidylate synthase inhibitors,
demineralized bone matrix, DNA antagonists, farnesyltrans-
ferase inhibitors, pump inhibitors, histone acetyltransferase
inhibitors, metalloproteinase inhibitors, ribonucleoside
reductase inhibitors, TNFa agonists, TNFo antagonists,
endothelin A receptor antagonists, retinoic acid agonists,
immunomodulators, hormone agents, antihormone agents,
photodynamic agents, tyrosine kinase inhibitors, and the
like.

The content of the biologically active agent (F) cannot be
unconditionally determined because the content depends
upon patients to which the kit of the present invention is
applied, and the content can be properly adjusted.

Further, the kit for bonding to biological hard tissues of
the present invention can contain a pH adjustment agent, an
ultraviolet absorbent, a thickening agent, a colorant, a per-
fume or the like, within the range so that the effects of the
present invention would not be hindered.

The kit for bonding to biological hard tissues of the
present invention is not particularly limited, so long as the
kit contains a phosphorylated polysaccharide (A), a polyva-
lent metal salt (B), and a solvent (C), and the kit can be
easily prepared by a method known to one of ordinary skill
in the art.

Specifically, the kit for bonding to biological hard issues
of the present invention can be supplied in a pasty form
prepared by previously blending a phosphorylated polysac-
charide (A), a polyvalent metal salt (B), a solvent (C), and
other ingredients as needed. In addition, the kit can be
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supplied in the form of a preparation dosage upon use by
blending the above components in a clinical work site to
make a pasty form.

In addition, since the phosphorylated polysaccharide (A)
reacts with metal ions of the polyvalent metal salt (B), each
of'the phosphorylated polysaccharide (A) and the polyvalent
metal salt (B) is stored in separate containers, from the
viewpoint of storage stability. In other words, in an embodi-
ment, the kit for bonding to biological hard tissues of the
present invention is provided so that the kit contains a first
agent containing at least a phosphorylated polysaccharide
(A), and a second agent containing at least a polyvalent
metal salt (B). Here, a solvent (C) can be contained in a first
agent and/or a second agent, or the solvent may be provided
in the form of a separate agent containing a solvent (C)
alone.

In addition, even in a case where the kit further contains
phosphoric acid, polyphosphoric acid, and/or salts thereof
(D), since these components (D) react with metal ions of the
polyvalent metal salt (B), it is preferable that the above
components (D) are stored in a different container from a
polyvalent metal salt (B). For example, the kit may be
provided as a first agent containing a phosphorylated poly-
saccharide (A), a second agent containing at least a poly-
valent metal salt (B), and a third agent containing at least
phosphoric acid, polyphosphoric acid, and/or salts thereof
(D), or a first agent containing a phosphorylated polysac-
charide (A) may be blended with the phosphoric acid,
polyphosphoric acid, and/or salts thereof (D) and supplied.

In a case where a biologically active agent (F) is con-
tained, the form of the kit can be appropriately adjusted
depending upon the physical properties.

A specific embodiment includes a kit containing a first
agent in a powdery form, containing a phosphorylated
polysaccharide (A) and a calcium phosphate (D); and a
second at in a pasty form, containing a polyvalent metal salt
(B) and a solvent (C), and it is preferable that a first agent
and a second agent are kneaded to react immediately before
use.

Thus, the adhesive composition for biological hard tissues
obtained from the kit of the present invention has sufficiently
high strength of the cured product that is hardened, and
further has strong bonding property, so that the adhesive
composition is suitably used in a medical material such as
cement for bones or a dental cement. Those materials to
which the adhesive composition for biological hard tissues
obtained by the kit of the present invention shows strong
bonding property include bones, tooth tissues, metals such
as titanium and stainless steel, and ceramics.

Since the composition obtained from the kit of the present
invention functions as a substrate for sustained release of a
biologically active agent, the present invention also provides
a kit prepared by further blending the kit for bonding to
biological hard tissues of the present invention with a
biologically active agent, in other words, a kit for sustained
release of a biologically active agent in biological hard
tissues, containing a phosphorylated polysaccharide, a poly-
valent metal salt other than the phosphates, a biologically
active agent, and a solvent. In addition, since the biologi-
cally active agent can be sustained-release, a kit for treat-
ment of a disease in biological hard tissues, comprising a
phosphorylated polysaccharide, a polyvalent metal salt other
than the phosphates, a biologically active agent, and a
solvent, in other words, a therapeutic agent, is provided.

In the present invention, the diseases in the biological
hard tissues are not particularly limited so long as the
diseases are diseases in bone tissues and dental tissues. The
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diseases are exemplified by, for example, osteosarcoma,
Ewing sarcoma, osteochondrosarcoma, malignant fibrous
histiocytoma, osteofibrosarcoma, metastatic osteosarcoma,
myeloma, acute pyogenic osteomyelitis, chronic osteomy-
elitis, Brodie’s abscess, pyogenic spondylitis, postoperative
infections of artificial joint replacement, and the like. In
addition, it is also expected that the therapeutic agent of the
present invention is applied to the diseases that require an
action for promoting bone restoration, for example, osteo-
porosis, bone defects after resection of benign or malignant
osteosarcoma, bone defects after curettage of osteosarcoma-
resembling diseases, bone defects after injury or fracture,
bone defects of bone-collecting parts, bone defects parts
during artificial joint replacement or the like.

The therapeutic agent of the present invention can contain
components that are usable in the kit for bonding to bio-
logical hard tissues so long as the therapeutic agent contains
the phosphorylated polysaccharide, the polyvalent metal salt
other than the phosphates, the biologically active agent, and
the solvent mentioned above, and the components are the
same as the kit. Also the production method is also the same.

Since the therapeutic agent of the present invention is
capable of control-releasing a biologically active agent, the
therapeutic agent is used according to an appropriate method
matching the sustain-release property, and the therapeutic
agent can be used, for example, internally, externally, by an
injection, or a topically filling, so long as the above-men-
tioned biologically active agent can be delivered to a site of
disease in the biologically hard tissues. Specifically, the
therapeutic agent can be directly topically administered or
filled to a site with a disease in the biologically hard tissues,
or the therapeutic agent can also be administered can be
administered intravenously, intra-arterially, subcutaneously,
intramuscularly, intraperitoneally, or the like, or the thera-
peutic agent may be administered or filled with an endo-
scope or the like. In addition, in a case of administering as
an external preparation such as a suppository, the therapeutic
agent may be administered in accordance with a suitable
administration method. Here, the terms ‘“administering,
administered, administration” as used herein embrace
administering, filling or detaining a therapeutic agent.

The amount used, the number of use and the use time
period of the therapeutic agent of the present invention differ
depending upon the kinds of the biologically active agent
contained, and they are appropriately set according to prepa-
ration dosage form, a method of use, purpose of use, and
age, body weight, symptoms of the patients to be adminis-
tered, and not at certain levels.

The present invention also provides a composition for
treating and/or preventing a disease in biologically hard
tissues, the composition containing a kit for bonding to
biological hard tissues of the present invention and further a
biologically active agent. Moreover, the present invention
provides a composition for treating and/or preventing a
disease in biologically hard tissues, the composition con-
taining a phosphorylated polysaccharide and a polyvalent
metal salt other than the phosphates.

The present invention also provides a method of treating
a disease in biological hard tissues, including the step of
administering to a subject a composition containing a phos-
phorylated polysaccharide, a polyvalent metal salt other than
the phosphates, a biologically active agent, and a solvent at
a disease site in the biological hard tissues. Since the above
composition control-releases a biologically active agent, the
method of treatment of the present invention can exhibit an
effect of performing treatments of a disease in biological
hard tissues in a sustained manner. The subject is preferably
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human having a disease in biological hard tissues or human
from whom a disease in biological hard tissues is prevented,
or the subject may be a pet animal or the like.

EXAMPLES

The present invention will be described on the basis of
Examples and Comparative Examples, without intending to
restrict the present invention to those Examples and the like.

Production 1
Synthesis of Phosphorylated Pullulan

Using a separable flask having an inner volume of 2 L,
40.0 g of pullulan (manufactured by Hayashibara Co., Ltd.)
was dissolved in 200 mL of distilled water at room tem-
perature. While stirring this solution, 1,000 g of a 1 M
aqueous phosphoric acid solution (of which pH of was
adjusted to 5.5 with sodium hydroxide) was added thereto
over 10 minutes, and after the addition, the mixture was
continued stirring for an additional 1 hour. Thereafter, about
1,100 mL of distilled water was distilled away at a tempera-
ture between 100° C. and 103° C., subsequently the residue
was continued stirring at 170° C. for 3 hours, and the
reaction product was cooled to room temperature. The
reaction product was taken out, and cooled to room tem-
perature. The reaction product was taken out, and pulverized
with a mortar, to give 98.4 g of a brown solid.

Ninety grams of the brown solid obtained above was
dissolved in 1,500 mL of distilled water. While stirring this
solution, 1,500 mL of a 99.5% ethanol was added thereto
over 10 minutes. At the same time as the addition, the
formation of the deposited products was confirmed. After
the termination of addition, the stirring was continued for an
additional hour. Thereafter, the mixture was allowed to stand
to separate into layers, and the supernatant was removed by
decantation method. Thereafter, the remaining precipitates
were re-dissolved in 1,500 mL of distilled water, 1,500 mL
of a 99.5% ethanol was added thereto over 10 minutes, and
the precipitates were collected. The above procedures were
carried out two more times, the precipitates were then
dissolved in distilled water (400 ml), and the solution
obtained was added in small amounts to a 99.5% ethanol
(2,000 mL) over 5 minutes. The deposited precipitates were
filtered with a Kiriyama filter (3G), washed with a 99.5%
ethanol (500 mL), thereafter dried at 60° C. under a reduced
pressure for 12 hours, to give 28.5 g of a white solid with a
slightly brownish color. Further, 25 g of this white solid was
dissolved in distilled water, and this solution was applied to
a desktop electrodialyzer (Micro Acilyzer S3, manufactured
by SANACTIS), to give 13 g of phosphorylated pullulan in
the form of a pale brown solid with transparency.

The solid obtained was subjected to an IR spectroscopy
(manufactured by Shimadzu Corporation, FTIR-8200PC)
(KBr tablet method). As a result, peaks ascribed to phos-
phate group sites are observed at 1,000 to 1,200 cm™. In
addition, *'P-NMR (manufactured by JEOL Ltd., INM-
LA500) was measured, and as a result, signals ascribed to
phosphorus of the phosphoric acid moiety, ester-bonded to
pullulan were obtained at 2 to 5 ppm. An elemental analysis
for phosphorus atoms was conducted according to ICP
emission spectroscopy (manufactured by Jarrell-Ash, IRIS-
AP), and it was judged from the results that about 8.8% by
number of the hydroxyl groups of the pullulan were sub-
jected to phosphorylation. Furthermore, the GPC analysis
(column: TSK gel a-M (manufactured by Tosoh Corpora-
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tion), mobile phase: 0.1 M aqueous NaCl) was carried out.
As a result, the solid had a number-average molecular
weight (Mn) of 22,000.

Production Example 2
Synthesis of Phosphorylated Pullulan

A phosphorylated pullulan was produced in the same
manner as in Production Example 1, to give a phosphory-
lated pullulan, in which about 7.2% by number of hydroxyl
groups of the pullulan were subjected to phosphorylation,
and a number-average molecular weight (Mn) was 32,000.

Production Example 3
Synthesis of Phosphorylated Pullulan

A phosphorylated pullulan was produced in the same
manner as in Production Example 1, to give a phosphory-
lated pullulan, in which about 6.8% by number of hydroxyl
groups of the pullulan were subjected to phosphorylation,
and a number-average molecular weight (Mn) was 22,000.

Example 1
Preparation of Cement Composition

The amount 0.1 g of the phosphorylated pullulan synthe-
sized in Production Example 1 was pulverized with a mortar,
and a powder obtained was named a powder agent A. In 0.05
ml, of distilled water was dissolved 0.005 g of calcium
chloride, and an aqueous solution obtained was named a
solution agent a. The powder agent A and the solution agent
a were kneaded at room temperature to give a homogeneous
paste or a pasty cement composition. Here, (A)/(B) was
100/5.

Example 2
Preparation of Cement Composition

The amount 0.1 g of the phosphorylated pullulan synthe-
sized in Production Example 1 and 1 g of §-TCP (manu-
factured by TAIHEI CHEMICAL INDUSTRIAL CO.,
LTD.) as a calcium phosphate were pulverized with a mortar
and mixed, and a powder obtained was named a powder
agent B. The powder agent B and the solution agent a in
Example 1 were kneaded at room temperature to give a
homogeneous paste or a pasty cement composition. Here,
(A)/(BY(D) was 100/5/1000.

Example 3
Preparation of Cement Composition

The amount 0.1 g of the phosphorylated pullulan synthe-
sized in Production Example 1, 0.25 g of a-TCP (manufac-
tured by TATHEI CHEMICAL INDUSTRIAL CO., LTD.),
0.25 g of B-TCP (manufactured by TAIHEI CHEMICAL
INDUSTRIAL CO., LTD.), 0.25 g of hydroxyapatite (manu-
factured by TAIHEI CHEMICAL INDUSTRIAL CO.,
LTD.) and 0.25 g of DCPD (calcium hydrogenphosphate
dihydrate, CaHPO,.2H,0, manufactured by TAIHEI
CHEMICAL INDUSTRIAL CO., LTD.) as calcium phos-
phates were pulverized with a mortar and mixed, and a
powder obtained was named a powder agent C. The powder

10

15

20

25

30

35

40

45

50

55

60

65

16

agent C and the solution agent a in Example 1 were kneaded
at room temperature to give a homogeneous paste or a pasty
cement composition. Here, (A)/(B)/(D) was 100/5/1000.

Comparative Example 1
Preparation of Cement Composition

The amount 0.1 g of pullulan (manufactured by Hayas-
hibara Co., L.td.) and the solution agent a in Example 1 were
kneaded at room temperature to give a homogeneous paste
or a pasty cement composition.

Evaluation 1
Evaluation on Bonding to Hydroxyapatite
Preparation of Samples for Evaluating Shear Bond

A plate made of hydroxyapatite as a member to be coated
(diameter 13 mmxheight 2 mm) (manufactured by PENTAX
Corporation, APP601) was placed at a bottom of a mold
having dimensions of diameter 25.4 mmxdepth 10 mm, and
an epoxy resin was poured thereinto. After curing the epoxy
resin, the resin was taken out from the mold, to furnish a
plate made of hydroxyapatite embedded into the epoxy resin
for evaluation on bonding. The surface of the embedded
plate made of hydroxyapatite and a separately furnished
edge side of a cylindrical rod made of hydroxyapatite
(diameter 5 mmx10 mm) were each polished under running
water with a #1000 silicon carbide paper (manufactured by
NIHON KENT CO., LTD.), and after the termination of
polishing, the water on the surface was air-blown to dryness,
to give a coated surface.

Next, the paste of Example 1 or Comparative Example 1
was heaped up at the edge side of the above-mentioned
cylindrical rod made of hydroxyapatite, and the cylindrical
rod made of hydroxyapatite was implanted so as to be in
perpendicular to the plate made of hydroxyapatite. After
implantation, an excess cement composition bleeding out to
the surroundings of the cylindrical rod made of hydroxy-
apatite was removed with an instrument, and the cylindrical
rod was allowed to stand at room temperature (25° C.) until
the cement composition was cured. A total of five samples
for bonding test were prepared, and all of the cured samples
were allowed to stand in a thermostat held at 37° C. for 24
hours. Here, each of the pastes prepared immediately before
use was used.

In addition, as to the cement compositions prepared in
accordance of the methods of use attached to each of the
manufactured articles using BIOPEX-R (manufactured by
HOYA), a commercially available calcium phosphate-based
cement as Reference Example 1, or a surgical simplex bone
cement (manufactured by Howmedica Osteonics), a PMMA
bone cement, as Reference Example 2, samples for bonding
tests were prepared in the same manner as above.

Measurement of Shear Bond Strength

The shear bond strength of the obtained five samples for
bonding test was measured with a universal testing machine
(manufactured by Instron) by setting a cross-head speed at
0.5 mm/minute, and an average was defined as shear bond
strength of each composition to the hydroxyapatite. The
results are shown in FIG. 1. Also, a cross section upon
shearing of Example 1 is shown in FIG. 2. Here, upon the
measurement with a universal tester, in all the test samples,
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when the cylindrical rod was detached from the coated plate
by deadweight, shear bond strength was judged as being
0.00 MPa.

Evaluation 2
Evaluation of Bonding to Titanium
Measurement of Shear Bond Strength

The same procedures as in Evaluation 1 using the cement
compositions of Example 1, Comparative Example 1, and
Reference Examples 1 and 2 were carried out except that a
member to be coated was changed to a plate made of
titanium (10 mmx10 mmx3 mm), a cylindrical rod to be
planted was changed to a cylindrical rod made of titanium
(diameter 5 mmxheight 5 mm) to measure shear bond
strength to titanium. The results are shown in FIG. 1.

It can be seen from the results of FIG. 1 that the compo-
sition of the example has high bonding strength even after 24
hours of bonding. In addition, it can be seen from the results
of FIG. 2 that breakage on the side of hydroxyapatite is
recognized in the cross section upon shearing, so that the
composition of the example has a high bonding strength.

In addition, as to the cement compositions of Example 1
and Reference Examples 1 and 2, five samples each for
bonding test were further prepared in the same manner as in
Evaluations 1 and 2 to measure shear bond strength to the
titanium or hydroxyapatite. During the measurement, mul-
tiple comparative tests were conducted using Tukey method
and Games-Howell method. The results are shown in FIG.
3. Here, in FIG. 3, “**” shows the groups that were judged
to have significance at p<0.05 in both the Tukey method and
the Games-Howell method, and “*” shows the groups that
were judged to have significance at p<0.05 only in the Tukey
method.

It can be seen from the results of FIG. 3 that the compo-
sition of Example 1 has significantly excellent bonding
property as compared to the commercially available prod-
ucts of Reference Examples 1 and 2.

Evaluation 3

Evaluation on Bonding Between Hydroxyapatite
and Stainless Steel

Preparation of Evaluation Samples of Shear Bond

A surface of a plate made of hydroxyapatite (sizes:
diameter 13 mmxheight 2 mm) (manufactured by PENTAX
Corporation, APP601) as a member to be coated was pol-
ished with #1000 silicon carbide paper (manufactured by
NIHON KENSHI CO., LTD.) under running water, and after
the termination of polishing, the water on the surface was
air-blown to dryness, to give a coated surface.

Next, the paste of Example 1 or Reference Examples 1
and 2 was heaped up at the edge side of the cylindrical rod
made of stainless steel (sizes: diameter 7 mmxheight 20
mm), and the cylindrical rod made of stainless steel was
implanted so as to be in perpendicular to the plate made of
hydroxyapatite. After implantation, an excess cement com-
position bleeding out to the surroundings of the cylindrical
rod made of stainless steel was removed with an instrument,
and the cylindrical rod was allowed to stand at room
temperature (25° C.) until the cement composition was
cured. A total of eight samples for bonding test were
prepared, and all of the cured samples were allowed to stand
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in a thermostat held at 37° C. for 24 hours. Here, each of the
pastes prepared immediately before use was used.

Measurement of Shear Bond Strength

The shear bond strength of the obtained eight samples for
bonding test was measured in the same manner as in
Evaluation 1, and evaluation was made.

As a result, the composition of Example 1 has shear bond
strength of 2.95 MPa, and based on the matter that the
breakage form is entirely interfacial breakage between the
cement composition and the stainless steel surface, the
cement composition of the present invention and stainless
steel have shear bond strength of 2.95 MPa. On the other
hand, in the compositions of Reference Examples 1 and 2,
based on the matters that the stainless steel cylindrical rods
were detached from the coated plate by their deadweights in
all the samples for bonding test, and the breakage form was
entirely an interfacial breakage between the cement compo-
sition and the stainless steel surface, the compositions of
Reference Examples 1 and 2 were judged to have shear bond
strength of 0.00 MPa. It can be seen from this matter that the
composition of Example 1 also shows excellent bonding
property to stainless steel, in addition to hydroxyapatite and
titanium.

Evaluation 4
Evaluation of Compressive Strength

Each of the compositions of Examples 1 and 2 and
Reference Example 1 was filled in a separable mold (diam-
eter 4 mmxdepth 8 mm) made of Teflon (registered trade-
mark) placed on a smooth glass plate cautiously so as not to
include any gases in the mold, and thereafter pressed with a
smooth glass plate from a top part. Thereafter, the compo-
sition was kept in a thermostat kept at 37° C. for 1 week, and
the top and bottom glass plates were removed therefrom, and
a cylindrical-form cured product of the cement composition
was taken out of the above mold. The compressive strength
of the cylindrical-form cured product obtained was mea-
sured by applying a load at a rate of 0.5 mm/minute in a shaft
direction of the cylindrical-form cured product with a uni-
versal testing machine (manufactured by Instron) (n=4).

As a result, it can be seen that the compressive strengths
of the cured products of the cement compositions of
Examples 1 and 2 and Reference Example 1 were 38.33
MPa, 66.93 MPa, and 21.50 MPa, respectively, so that the
composition of the example gives the cured product excel-
lent strength.

Evaluation 5
Pulp-Capping Test of Dental Pulp

Using 8-week old male Wister rats as experimental ani-
mals, a mesial occlusion of the maxillary first molar tooth
was carefully exposed while pouring sterile distilled water,
with a ¥4 diamond bar and a V% stainless steel round bar. The
exposed side was alternately washed with 6% NaOC] and
3% H,0.,, the dental pulp was then directly subjected to pulp
capping with the cement composition of Example 1 to fill an
air gap part with CLEARFIL MegaBond (manufactured by
Kuraray Medical Inc., a dental adhesive for filling cavity),
CLEARFIL Protect Liner F (manufactured by Kuraray
Medical Inc., a composite resin for filling cavity), and the
restoration was completed. After two weeks of observation
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period, the rats were subjected to perfusion fixation with a
4% paraformaldehyde solution under intraperitoneal anes-
thesia to excise the first molar tooth, and the excised sample
was then decalcified with a 10% EDTA solution, and sub-
jected to a paraffin treatment according to an ordinary
method to prepare continuous section specimen. The sec-
tions were subjected to hematoxylin-eosin staining (HE
staining), and the stained sections were observed under an
optical microscope. Representative results are shown in FIG.
4. Here, as Reference Example 3, a mixture of blending and
kneading calcium hydroxide and sterile water was also
evaluated in the same manner, and the number of tested
specimens (n) was 5.

From the left side of FIG. 4, in a case where the compo-
sition of Example 1 was used, the formation of restored
enamel is remarkable, forming nearly perfectly so as to
cover the exposed pulp side. Here, the thickness of the
formed amount was uneven. In addition, the dental pulp
tissue morphologies were normal, and inflammatory cell
infiltration was not observed. On the other hand, from the
right side of FIG. 4, in a case where the composition of
Reference Example 3 was used, although the dental pulp
tissue morphologies were normal, the formation of restored
ename] was also uneven in this case. It is deduced from this
matter that the composition of Example 1 is bonded to the
dental pulp to be absorbed, whereby the composition is
replaced with dentin.

In addition, a pulp-capping test was conducted only using
the composition of Example 1. More specifically, using
8-week-old male Wister rats as experimental animals, the
maxillary first molar tooth was subjected to exposure and
washing in the same manner as above, and the dental pulp
was then directly subjected to pulp-capping with the cement
composition of Example 1 to fill a gap part with the same
composition to complete restoration. After one week of an
observation period, the first molar tooth was excised to
prepare a section specimen, the excised section was sub-
jected to HE staining, and the stained section was observed
under an optical microscope. Representative results are
shown in FIG. 5. In addition, in a different rat, after two
months of an observation period, the first molar tooth was
excised, and the excised tooth was immersed and stored in
a fixation solution for 12 days, in the same manner as above.
As the fixation solution, a solution prepared by mixing 20 g
of paraformaldehyde, 250 mL of distilled water, and 250 mL
of'a 0.1 M phosphate buffer was used. A photograph of the
molar tooth surface after immersion in the fixation solution
is shown in FIG. 6. Here, as a comparison, the evaluation
was made in the same manner for one obtained by directly
subjecting dental pulp to pulp-capping with the cement
composition of Example 1, and filling a gap part with
Evadyne Plus (manufactured by NEO DENTAL CHEMI-
CAL PRODUCTS CO., LTD., a composite resin for filling
cavity) to complete restoration, and the number of tested
specimens (n) of each group was 3.

From the results of the stained sections, in a case where
the pulp-capping and filling were carried out only with the
composition of Example 1, it was confirmed that an exposed
side was covered with a recovered enamel, so that the cavity
was completely sealed (FIG. 5, left side). In addition, the
right side of FIG. 5 shows an enlarged view of the boundary
parts of the sites filled with the composition and teeth
(dentin), and from the matter of not being able to find
aberrancy in the teeth even after one week passed, it is
deduced that the composition of Example 1 has excellent
biocompatibility and also excellent bonding. Here, as to a
case where the cavity was sealed with Evadyne Plus, the
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Evadyne Plus was found to be exfoliated upon the prepa-
ration of the specimen for optical microscopic observation,
but it was confirmed that at least a coating was formed on the
exposed pulp with the composition of Example 1 (not
illustrated in the figure).

It was confirmed from FIG. 6 that in a case where
pulp-capping and filling were carried out only with the
composition of Example 1, it was confirmed that the com-
position of Example 1 remained in the cavity of the molar
tooth (FIG. 6, left side). On the other hand, in a case where
the dental pulp was pulp-capped with the composition of
Example 1, and then filled with Evadyne Plus, the Evadyne
Plus only remained in a slight amount even though that the
composition of Example 1 was confirmed to remain in the
cavity of the molar tooth, so that it is deduced that Evadyne
Plus was easily exfoliated from the cavity (FIG. 6, right).

Evaluation 6
Injection Test to Femur

Using 8-week old male C57/bl6 mice as experimental
animals, the functional evaluation of the cement composi-
tion of Example 1 or Example 3 was conducted in compli-
ance with the Femoral Intramedullary Injection Model (Zil-
ber S et. al, J. Biomed Mater Res Part B: Appl Biomater.
2008). Specifically, bone tunnel was made in the femoral
intramedulla with an injection needle from mouse distal
femur under general anesthesia, and a cement composition
of Example 1, Example 2 (-TCP-containing composition)
or Example 3 (DCPD-containing composition) was injected,
and the histological evaluations were carried out 2 weeks
and 8 weeks after the injection for the composition of
Example 1; 2 weeks, 5 weeks, and 8 weeks after the
injection for the composition of Example 2; and 8 weeks
after the injection for the composition of Example 3, respec-
tively. The results using the composition of Example 1 are
shown in FIG. 7, the results using the composition of
Example 2 are shown in FIG. 8, and the results using the
composition of Example 3 are shown in FIG. 9.

From FIG. 7, left side, in the femoral shaft at 2 weeks after
the injection, the injected cement composition was exfoli-
ated upon the preparation of the sections used in the histo-
logical evaluation, so that the part is observed as a cavity
(arrow part), but the necrosis of the surrounding bone
marrow or the like is not found so that it is observed that the
cement composition and the bone marrow are closely bond-
ing to each other, and it was found that the cement compo-
sition had a high compatibility to the bone marrow tissues.

It can be seen from FIG. 7, right side that the cavity of the
part into which the cement composition is injected observed
after 2 weeks disappears, and bone marrow tissues are
regenerated in its place in the femoral shaft at 8 weeks after
the injection. It was suggested from this finding that the
cement composition of the present invention has bio-absorb-
ability, and bone regeneration takes place in a site at which
the cement composition was injected.

From FIG. 8, at 2 weeks after the injection, the cement
composition of Example 2 injected is found in the bone
marrow (FIG. 8A). At 5 weeks after the injection, even
though the injected cement composition remains in the
normal bone marrow, an image of ossifying from the sur-
rounding edge thereof is observed (FIG. 8B). FIG. 8C is an
enlarged view of the boundary part of the bone marrow and
the cement composition of FIG. 8B, and it is evident that the
newly generated bone tissues are contacted with the cement
composition, so that bone regeneration takes place from the
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surrounding edge thereof. In addition, a large number of
nuclei are observed in the newly generated bone tissues. At
8 weeks after the injection, an image of ossifying from the
surrounding edge of the cement composition is observed in
the same manner as that of 5 weeks after the injection, but
the injected substance still remains in an internal thereof, so
that it can be seen that the ossification is not completed to the
internal part at this point (FIG. 8D).

In addition, in a case where the cement composition of
Example 3 was used, at 8 weeks after the injection, the
cement composition remaining in the normal bone marrow
is not confirmed (FIG. 9, left side). Also, it can be seen from
the enlarged photograph that the cement was completely
absorbed in the femoral shaft, and replaced with normal
bone tissues (FIG. 9, right side). It is suggested from these
results that the biological absorption rate of the composition
can be adjusted by modifying the kinds and amounts of the
component (D) contained in the composition.

Evaluation 7
Pharmacological Test 1

The same procedures as in Example 1 were carried out
except that a 0.1 g of a mixture prepared by mixing 40 g of
the phosphorylated pullulan synthesized in Production
Example 1 with a carcinostatic agent “Methotrexate” (manu-
factured by Takeda Pharmaceutical Co., [.td.) in an amount
of 0g, 2 g, or 5 g, respectively, was used in place of 0.1 g
of the phosphorylated pullulan of Production Example 1 in
Example 1, to give a cement composition. The resulting
cement composition was molded into a cylindrical shape
having a diameter of 6 mm and a height of 2 mm. 1x10°
Tumor cells (MNNG/HOS) were subcutaneously trans-
planted to the back of nude mice (BALB/cnu/nu), and
allowed to stand for 7 to 10 days. After the tumor size grew
to a size of 5 mmx5 mm, the above-mentioned molded
product prepared was implanted immediately below the
tumor. The tumor size was measured every 24 hours, to
observe a change in volume of the tumors (diameter of major
axisxdiameter of minor axisxdiameter of minor axisx0.5).
Assuming that the tumor volume on the day of implantation
of the cement composition was 100%, a volume increase of
the tumor tissues was examined. The results are shown in
FIG. 10.

From FIG. 10, proliferative suppression of the tumor
tissues was observed in the composition blended with 2 g or
5 g of a carcinostatic agent. This shows that the carcinostatic
agent is eluted from the composition of the present inven-
tion. Here, the proliferative suppression effects of the tumors
of'the molded product containing 2 g or 5 g of a carcinostatic
agent are of the same level, and this is considered to be due
to the fact that the amount of release of the carcinostatic
agent (amount per time) from the molded product is of the
same level.

Evaluation 8
Pharmacological Test 2

Four-week-old female C57/bl6 mice (wild-type) were
intraperitoneally administered with 50 mg/kg pentobarbital,
and anesthetized. Thereafter, the mice were subjected to
median abdominal incision to excise ovaries on both sides,
to prepare osteoporotic model mice.

Next, one week after the ovary excision, the right knee
part was incised under anesthesia in the same manner as
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above, to open a distal end of the right femur. The pulp
chamber was curetted using a 24-gauge injection needle
from the same part over to the proximal femur. Subse-
quently, 20 ul, of a cement composition having the following
components was administered into the pulp chamber using
a 25-gauge injection needle. Here, as a comparative control,
a non-administered group (3) was also set. The tests were
conducted at n=3.

(1) Calcium Hydrogenphosphate Dihydrate, hereinafter
DCPD Group (200 pg of the phosphorylated pullulan syn-
thesized in Production Example 1, 200 ug of DCPD, and 400
pl of a 31% aqueous calcium chloride solution)

(2) BMP Group (400 ng of the phosphorylated pullulan
synthesized in Production Example 1, 100 ng of rhBMP-2,
and 400 pL of a 31% aqueous calcium chloride solution)
(3) Non-Treated Group

For each of Groups, mice were sacrificed after 4 weeks or
8 weeks from the administration to the femur, and the
pathohistological evaluation (HE staining) and the radio-
logical evaluation (UCT 48 um/slice) were made therewith.
The results of HE staining are shown in FIG. 11, and the
results of pCT are shown in FIG. 12.

From FIG. 11A, in the Non-Treated Group, lipomenin-
gocele is present in the bone marrow, and ossification could
not be found even in pCT (FIG. 12A). From FIGS. 11B and
C, in the DCPD Group, newly generated bone is confirmed
to be formed in the surrounding of the injected cement, so
that it can be seen that the bone can be formed even when
suffering from osteoporosis by administering a phosphory-
lated pullulan-containing composition. Also, in the BMP
Group, ossification of the tissues is found at one month after
the injection (FIG. 11D), and it can be seen from FIGS. 12C
and D that bone regeneration with the passage of time is
found, so that BMP activity in the cement is maintained.
From this finding, it is suggested that the phosphorylated
pullulan-containing composition can serve as an excellent
carrier for BMP because the composition does not generate
polymerization heat.

Evaluation 9
Pharmacological Test 3

Four-week-old female BALB/c nude mice were intrap-
eritoneally administered with pentobarbital at 50 mg/kg, and
anesthetized. Thereafter, the right knee part was incised, to
open a distal end of the right femur. Next, the pulp chamber
was curetted using a 24-gauge injection needle from the
same part over to the proximal femur. Thereafter, a mixture
prepared by mixing 1x10° human osteosarcoma cells (HOS/
MNNG) with 20 ul. of Matrigel was administered with a
25-gauge injection needle into the above pulp chamber, to
prepare osteosarcoma model mice.

Next, after one week from transplantation of the osteo-
sarcoma cells, the right knee part was incised under anes-
thesia in the same manner as above to open a distal end of
the right femur. The pulp chamber was curetted using a
24-gauge injection needle from the same part over to the
proximal femur. Subsequently, 20 ul. of a cement compo-
sition having the following components was administered
into the pulp chamber using a 25-gauge injection needle.
(1) 400 pg of the phosphorylated pullulan synthesized in
Production Example 1, 10 mg of Methotrexate (MTX), 400
ul of a 31% aqueous calcium chloride solution
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On the third day after the administration of the cement,
the mice were sacrificed, and the pathohistological evalua-
tion (HE staining) was carried out therewith. The results are
shown in FIG. 13.

It can be seen from FIG. 13 that tumor cells undergo
necrosis in the surroundings of the cement. From this
finding, it is suggested that a carcinostatic agent is released
with the absorption of the phosphorylated pullulan-contain-
ing composition.

Evaluation 10

Evaluation 1 of Sustained-Release Property of
Agent

A mixture prepared by mixing 0.4 g of the phosphorylated
pullulan synthesized in Production Example 2 and 0.01 g of
a bactericidal agent “Vancomycin Hydrochloride” (manu-
factured by Shionogi & Co., Ltd.) was mixed with a proper
amount of a 31% aqueous calcium chloride solution (about
200 pL), and the mixture was allowed to cure into a
cylindrical form (diameter: 6 mm, thickness: 2 mm) using a
template (PP2). In addition, a mixture of 40 g of a poly
(methyl methacrylate) cement (PMMA cement, Surgical
Simplex P Radiopaque Bone Cement; Howmedica Inc.,
Limerick, Ireland) and 1 g of “Vancomycin Hydrochloride”
was allowed to cure into a cylindrical form (diameter: 6 mm,
thickness: 2 mm) (PMMA). Each of the cured products
obtained was immersed in 500 pul. of a 0.01 M phosphate
buffered physiological saline, and the phosphate buffered
aqueous solution was exchanged at 37° C. every 24 hours.
The procedures were repeated until the phosphorylated
pullulan was completely dissolved, and the Vancomycin
(VCM) concentration in the collected solution was measured
using enzyme immunoassay method (EIA method). The
results are shown in FIG. 14.

From FIG. 14, the VCM effusion from the PMMA cured
product was the largest on the first day (72.4£10.8 pg/ml),
and gradually lowered thereafter. On the other hand, the
effusion from the phosphorylated pullulan cured product
was also largest on the first day (2757.8+88.8 pg/ml.), and
gradually lowered thereafter, but the VCM concentration in
the solution was significantly higher than that of the PMMA
cured product until the eighth day.

Evaluation 11

Evaluation 2 of Sustained-Release Property of
Agent

A mixture of 0.4 g of the phosphorylated pullulan syn-
thesized in Production Example 2 or 3 and 0.02 g of a
carcinostatic agent “Methotrexate” (manufactured by Pfizer)
was mixed with a proper amount of a 31% aqueous calcium
chloride solution (about 200 ul), and the mixture was
allowed to cure into a cylindrical form (diameter: 6 mm,
thickness: 2 mm) using a template (PP2, PP3) in the same
manner as above. In addition, a mixture of 0.4 g of the
PMMA cement used in Evaluation 10 and 0.02 g of “Metho-
trexate” was allowed to cure into a cylindrical form (diam-
eter: 6 mm, thickness: 2 mm) (PMMA). Each of the cured
products obtained was immersed in 500 pul, of a 0.01 M
phosphate buffered physiological saline, and the phosphate
buffered aqueous solution was exchanged at 37° C. every 24
hours. The procedures were repeated until the phosphory-
lated pullulan was completely dissolved, and the Methotrex-
ate (MTX) concentration in the collected solution was
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measured using enzyme immunoassay method (EIA
method). The results are shown in FIG. 15.

From FIG. 15, the MTX effusion from the PMMA cured
product was the largest on the first day, drastically lowered
on the second day, and maintained effusion at low concen-
trations thereafter. The MTX effusion from the cured prod-
uct using the phosphorylated pullulan of Production
Example 2 (PP2) showed effusion at low concentrations up
to the fifth day, at an increasing concentration from the sixth
day, and at high concentrations up to the tenth day. The MTX
effusion from the cured product using the phosphorylated
pullulan of Production Example 3 (PP3) showed effusion at
low concentrations up to the fourth day, a sudden increase in
the concentration on the fifth day, and again at low concen-
trations on the seventh day and on.

It was clarified from the above that the releasing behav-
iors from the composition differ depending upon the agents.
This is deduced to be due to the interactions between the
agent and an ionic group, for example, a phosphate group,
contained in the composition. In addition, the releasing
behaviors differ by having different phosphorylation per-
centages, whereby it is suggested that it is possible to control
the release patterns by adjusting the phosphorylation per-
centage.

INDUSTRIAL APPLICABILITY

The adhesive composition for biological hard tissues
provided by the kit for bonding to biological hard tissues is,
for example, suitably used in for medical uses, such as
cement for bones or dental cement. In addition, since the
adhesive composition has excellent bio-absorbability, it is
useful as fusion materials for artificial joint prosthesis,
fusion materials for spine fracture, fusion materials for
extremity fracture, filling materials for bone tumors in the
region of orthopedics, filling materials and restorative mate-
rials at dental caries-defective sites, luting materials for
prosthetic restorative materials such as inlay and crown,
pulp-capping and lining materials, implant surface treatment
materials, periodontal disease therapeutic materials, hyper-
esthesia preventive materials, dental pulp capping materials,
substrates for DDS, substrates for systems engineering, and
tissue bonding materials in the dental region.

The invention claimed is:
1. A method of treating a disease in biological hard
tissues, the method comprising:
administering an effective amount of a composition for
treating the disease in biological hard tissues to the
biological hard tissues of a subject in need thereof,
wherein the biological hard tissues is at least one selected
from the group consisting of bones, teeth, and tissue
containing bones and teeth,
wherein the composition comprises:
(1) a phosphorylated polysaccharide,
(2) a polyvalent metal salt other than phosphate,
(3) a solvent, and
(4) optionally, at least one component selected from the
group consisting of phosphoric acid, polyphosphoric
acid, a salt of the phosphoric acid, and a salt of
polyphosphoric acid,
wherein the composition contains the phosphorylated
polysaccharide and a polyvalent metal salt other than
phosphates stored separately which, when combined
prior to use, form a paste, and
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wherein an amount of the polyvalent metal salt other than
phosphate is from 1 to 1,000 parts by mass, based on
100 parts by mass of the phosphorylated polysaccha-
ride,

wherein the disease is at least one selected from the group

consisting of osteosarcoma, Ewing sarcoma, osteo-
chondrosarcoma, malignant fibrous histiocytoma,
osteofibrosarcoma, metastatic osteosarcoma, myeloma,
acute pyogenic osteomyelitis, chronic osteomyelitis,
Brodie’s abscess, pyogenic spondylitis, postoperative
infections of artificial joint replacement, osteoporosis,
bone defects after resection of benign or malignant
osteosarcoma, bone defects after curettage of osteosar-
coma, Ewing sarcoma, osteochondrosarcoma, malig-
nant fibrous histiocytoma, osteofibrosarcoma, meta-
static osteosarcoma, and myeloma, bone defects after
injury or fracture, bone defects of bone-collecting parts,
and bone defects during artificial joint replacement.

2. The method according to claim 1, wherein the phos-
phorylated polysaccharide is phosphorylated pullulan.

3. The method according to claim 1, wherein the poly-
valent metal salt is at least one member selected from the
group consisting of a halide and oxide of at least one
polyvalent metal.

4. The method according to claim 3, wherein the halide is
chloride.

5. The method according to claim 1, comprising phos-
phoric acid, polyphosphoric acid, and/or a salt thereof.

6. The method according to claim 5, comprising the salt
of phosphoric acid, wherein the salt is a calcium phosphate.

7. The method according to claim 6, wherein the calcium
phosphate is at least one calcium phosphate represented by
the formula (I):

@,

wherein x and 1 are integers of 1 or more, and y, z, m, and
n are integers of 0 or more.

8. The method according to claim 7, wherein the calcium
phosphate is at least one selected from the group consisting
of hydroxyapatite, calcium dihydrogenphosphate, calcium
hydrogenphosphate, a-tricalcium phosphate (a-TCP), f-tri-
calcium phosphate (B-TCP), and octacalcium phosphate
(OCP).

9. The method according to claim 1, further comprising a
filling material.

10. The method according to claim 1, wherein the poly-
valent metal salt other than phosphate is in the form of
particles having an average size of 0.001-50 pum.

11. The method according to claim 1, wherein a phos-
phorylation number of the phosphorylated polysaccharide is
form 0.5 to 15%.

12. The method according to claim 1, wherein the solvent
comprises water, an organic solvent, or a mixture thereof.

13. The method according to claim 1, wherein the solvent
contains 100 parts by mass of water and from 1 to 2,000
parts by mass of an organic solvent.

Ca,H,0,(PO4)(OH),,(H>0),
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14. A method for filling and repairing bone-defective and
bone-gapped sites, the method comprising:
applying a restoration material composition to a site in
need of repairing a bone-defect and/or bone-gap,
wherein the restoration material composition provides
adhesion or fusion between biological hard tissues
and/or a biological hard tissue and a metal or ceramic,
wherein the restoration material composition shows adhe-
sion to the biological hard tissue, metals, and ceramics,
wherein the biological hard tissues is at least one selected
from the group consisting of bones, teeth, and tissue
containing bones and teeth,
wherein the restoration material composition comprises:
(1) a phosphorylated polysaccharide,
(2) a polyvalent metal salt other than phosphate,
(3) a solvent, and
(4) optionally, at least one component selected from the
group consisting of phosphoric acid, polyphosphoric
acid, a salt of the phosphoric acid, and a salt of
polyphosphoric acid,
wherein the restoration material composition contains the
phosphorylated polysaccharide and a polyvalent metal
salt other than phosphates stored separately which,
when combined prior to use, form a paste, and
wherein an amount of the polyvalent metal salt other than
phosphate is from 1 to 1,000 parts by mass, based on
100 parts by mass of the phosphorylated polysaccha-
ride.
15. The method according to claim 14, wherein the
phosphorylated polysaccharide is phosphorylated pullulan.
16. The method according to claim 14, wherein the
polyvalent metal salt is at least one member selected from
the group consisting of a halide and oxide of at least one
polyvalent metal.
17. The method according to claim 14, comprising phos-
phoric acid, polyphosphoric acid, and/or a salt thereof.
18. The method according to claim 17, comprising the salt
of phosphoric acid, wherein the salt is a calcium phosphate
represented by the formula (I):

Ca,H,0,(PO4)(OH),,(H>0), @,

wherein x and 1 are integers of 1 or more, and y, z, m, and
n are integers of 0 or more.

19. The method according to claim 14, wherein the
polyvalent metal salt other than phosphate is in the form of
particles having an average size of 0.001-50 pum.

20. The method according to claim 14, wherein the site in
need of repairing a bone-defect and/or bone-gap is at least
one site selected form the group consisting of a site of an
artificial joint prosthesis, a spine fracture, an extremity
fracture, a site of a bone tumor, a dental caries-defective site,
a site of an inlay and crown, a site of pulp-capping and
lining, a site of an implant surface, a site of a periodontal
disease, a site of hyperesthesia, and a dental restoration and
dental bonding site.



